ELECTROSTATIC DISCHARGE PROTECTION DEVICE 



Technical Field of the Invention 
The present invention relates generally to integrated circuits, and in particular to 
electrostatic discharge (ESD) devices. 

Background of the Invention 
An electrostatic discharge (ESD) event involves a high voltage or a large current 
inadvertently surging through a conductive path. If the path includes a pin or an 
external bonding pad and an internal circuit of an integrated circuit (IC), then the large 
current of the ESD event can surge through the pad and damage the internal circuit and 
thus the entire IC. 

To protect the IC from damage caused by an ESD event, many ESD protection 
devices have been designed. Among them is a snapback-based ESD protection device. 
Conventionally, there are two types of snapback-based ESD protection devices. These 
two types include field-oxide NPN and thin-oxide NPN devices. Thin-oxide NPN 
devices are also known as NMOS devices. Although the performance of these devices 
is acceptable, each of them has its problems and limitations. 

In general, problems associated with snapback-based NPN structures involves 
junction leakage failures following an ESD event. In addition, gate-oxide at the input- 
buffer can be damaged if the snapback voltage of the protection device is too high. The 
high snapback voltage can also cause damage to the gate-oxide in the protection device 
itself for a thin-oxide NPN device. These issues can lead to undesirable or substandard 
performance of the ESD protection device. 

For the reasons stated above, and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for an improved ESD protection device which is 
less susceptible to failures seen in the present NPN snapback ESD protection devices. 

1 



Summary of the Tnv fnt j nT1 
The problems and limitations associated with ESD protection devices are 
addressed by the present inyention and will be understood by reading the following 



disclosure. A novel ESD protection device 



the prior art ESD protection devices. The ESD 



overcomes the problems and limitations of 



invention is less susceptible to failures 
protection devices. 



protection device according to the 



seen in the present NPN snapback ESD 



In one aspect, the ESD protection device includes a substrate, a first doped 

first and second doped regions are separated from each other by only the substrate 
region. In addition, the ESD protection device includes no gate above the first and 

second doped regions. 

In another aspect, a method of producing a semiconductor device includes 
mas k ,ng , substrate with , resis , ^ a fa ^ ^ ^ ^ ^ ^ ^ ^ 

15 the substrate. The firs, and second doped regions are separated by only the substrate 
and a spacing between the firs, and second doped regions is defined by a length of the 
rests,. Furthermore, the method includes not forming a gate above the firs, and second 

doped regions. 
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Brief Description nf t h f Pr ^vi n^ 
Figure 1 is a prior art thin-oxide NPN ESD protection device. 
Figure 2A is a prior art field-oxide NPN ESD protection device. 
Figure 2B is another prior art field-oxide NPN ESD protection device. 
Figure 3 is an ESD protection device according to the invention. 
Figure 4 illustrates a p-n junction of the ESD protection device of Figure 3 
Figure 5 is a current versus voltage graph of the ESD protection device of Figure 
3 during an operating mode. 

Figures 6A-C illustrate cross-sectional views of an ESD protection device at 
various processing stages according to one embodiment of the invention. 
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Figures 7A-E illustrate cross-sectional views of an ESD protection device at 
various processing stages according to another embodiment of the invention. 

Figures 8A-E illustrate cross-sectional views of an ESD protection device at 
various processing stages according to another embodiment of the invention 
5 Figures 9A-E illustrate cross-sectional views of an ESD protection device at 

various processing stages according to another embodiment of the invention. 

Figure 10 is a block diagram of an integrated circuit having the ESD protection 
device according to the invention. 

Figure 11 block diagram of a semiconductor chip having an ESD protection 
1 0 device according to the invention. 
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Detailed n^ rr j rt j nn nf tne Wnf ^ n 
The following detailed description of the embodiments refers to the 
accompanying drawings which form a part hereof, and in which is shown by way of 
15 illustration specific embodiments in which the inventions may be practiced These 
embodiments are described in sufficient detail to enable those skilled in the art to 
practice the invention, and it is to be understood that other embodiments may be utilized 
and that process, electrical or mechanical changes may be made without departing from 
the scope of the present invention. The terms wafer and substrate used in the following 
description include any base semiconductor structure. Both are to be understood as 
mcluding sihcon-on-sapphire (SOS) technology, silicon-on-insulator (SOI) technology 
thm film transistor (TFT) technology, doped and undoped semiconductors, epitaxial ' 
layers of a silicon supported by a base semiconductor structure, as well as other 
semiconductor structures well known to one skilled in the art. Furthermore, when 
25 reference is made to a wafer or substrate in the following description, previous process 
steps may have been used to form wells/junctions in the base semiconductor structure 
and terms wafer or substrate include the underlying layers containing such 
wells/junctions. The following detailed description is, therefore, not to be taken in a 
Hmitmg sense, and the scope of the present invention is defined only by the appended 
30 claims and equivalents thereof. 
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F.gure I prior art thin-oxide NPN ESD protection device. Device 100 

A , te 1 08 - separated from the substrate by a thin lay er of gate oxide , , 0 . Gate 108 
and source regron .04 is connected to a ground a, node , ,2. Dra i„ re gio „ m is 
connected to an externa, bonding pad, ,4. In a norma, condition, device ,00 is no, 

Wh n the vohage reaches a breakdown vohage ,eve, of a p-n junction (subsU, 
smr, ,„ fl„ w between ^ ^ ^ ^ ^ ^ ^ 

*chve, y reduces t hehighvo lt agea,ex,er„a,bondi„g P ad 
""^alcrcutt connected to external bonding pad 114. 

One problem associated with device ,00 of Figure, , i„ V o,ves the integrity of 
*e gate „x,de. The ga ,e oxide can be pu, under a .emendous stress or even b^ed 

» z:zr i - de — oped ( d„e,„hiZ:: 

IU a, the reg.cn underneath gate oxide „0 near me edge of drain ,06ca„ 

Durin* ft. P J ' *'*" SUffers ftom «>» 

now d ^ ' ^ * ^ ^ — « grated by me 

^erd,ss, P an„„crea,edbya,ar g ea m ou,tofc m e„, fl owi„ gfromd , aml0 J OM _ 
20 « rag ,^ lop « Sot . Thehi.htempe.turealongwimmehighelecMca, 
neH.oanescala.mes.essorcausedarnagetothegateoxide. Moreove mehi 

^ 0, Furthermore, device ,00 is a,s„ susceptibie to a leakage failure due to 
.mpac. tontzatton, a weH-known phenomenon to those ski„ed in the art. ,mpac, 
25 .ontzattonatmeedgeofdnain 1 06 causes carriers (electrons or holes) tobetLppedin 
Sateoxtdeno. These ^ carriers cause a leakage pam be. Jd.in ,Z 

3 n „ ■ I^ 2AiSaPri0rartf ' eld -°^^ 

30 ^ce 2 00mc I udesap^esubstra,e 2 0 2 havi„ g an„.^ sourceail<idrainregi ^ 
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204 and 206 which are separated by an isolation structure 208. Source region 204 is 
connected to a ground. Drain region 206 is connected to an external bonding pad 210. 
In a normal condition, device 200 is not conductive. During an ESD event, a high 
voltage occurs at external bonding pad 210. When the voltage reaches a breakdown 
voltage level of the p-n junction (substrate/drain junction) of device 200, the device 
becomes conductive. A large amount of current starts to flow between source and drain 
regions 204 and 206. The current flow effectively reduces the high voltage at external 
bonding pad 210, thus, protecting any internal circuit connected to external bonding pad 



Figure 2B is another prior art field-oxide NPN ESD protection device. In the 
Figure, device 220 includes a p-type substrate 222 having an n-type source and drain 
regions 224 and 226 which are separated by an isolation structure 228. Source region 
224 is connected to a ground. Drain region 226 is connected to an external bonding pad 
230. In a normal condition, device 220 is not conductive. During an ESD event, a high 
15 voltage occurs at external bonding pad 230. When the voltage reaches a breakdown 
voltage level of the p-n junction (substrate/drain junction) of device 220, the device 
becomes conductive. A large amount of current starts to flow between source and drain 
region 224 and 226. The current flow effectively reduces the high voltage at external 
bonding pad 230 thus protecting any internal circuit connected to external bonding pad 
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One problem associated with device 220 of Figure 2B, includes a reduction of 
the feedback efficiency of the device. Referring to Figure 2B, when device 220 is 
conductive, current flows from source 224 to drain 226. Since isolation structure 228 is 
positioned between the source and drain, current has to flow down from source 224, 
25 around structure 228, and then up to drain 226. Thus the current path is longer, and the 
direction is changed along the path. These two factors reduce the efficiency of the flow 
of the current resulting in an increase in snapback voltage. The increase in snapback 
voltage may require a larger device size so that the pad voltage during the ESD event 
does not increase because the increase in pad voltage could cause damage to the internal 
30 circuitry of the IC. However, a larger device size has its disadvantages. It increases 
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total area of the IC. It also increases input capacitance. In addition, the increase in 
snapback voltage also causes an increase in power dissipation. The increase in power 
d 1SS1 pat 10 n can cause stress to the device leading to substandard performance It can 
also cause damage to the device leading to failure to protect the internal circuity of the 

Figure 3 is a hovel BSD protection device according to the invention. Device 
300 tncludes a substratW having a firs, doped (source) region 304 and a second 
doped (drain) region 306.Virs, doped region 304 and second doped region 306 are 
separated by only a region *U of substrate 302. In one embodiment, substrate 302 has 
10 a p-type conductivity material^ fit* and second doped regions 304 and 306 have an 
n-type conductivity material. B«U, second doped regions 304 and 306 have a higher 
dopmg concentration man me d»g concentration of substrate 302. In other words 
substrate 302 is lightly doped (indicLd by p-) and first and second doped regions 3M 
and 306 are heavily doped (indicated b\ „ + ). I„ addition, firs, doped region 304 can be 
15 connected ,o a ground a, node 3 12. ThosW ordinary skill in me art can readily 
recognize ma, firs, doped region 304 can aU be connected ,o a voltage source or a 
power source. Second doped region 306 canYe connected ,o an external bonding pad 

312. Furthermore, since device 300 of Figured includes no gate structure above me 
firs, and second doped regions 304 and 306, i, is\gateless BSD protection device. 

Device 300 further comprises a first isolation structure 308 and a second 
.sola,™ structure 310. First isolation structure 308 is placed on an opposing side side 

313, of the firs, doped region from substrate region 3. 1. Second isolation structure 310 
* placed on an opposing side, side 3 15, of the second doped region from substrate 
regton 31 1. The isolation structures are designed to isolate device 300 from other 

25 adjacent components wilhin me IC. 

As shown in Figure 3, device 300 has no gate oxide. Since device 300 has no 
gate oxule, it does not suffer from gate oxide rupture problem and leakage failure as in 
the case of a thin-oxide device. Thus, this is one advantage of device 300 of the 
invention over the prior art device 100 shown in Figure 1. Device 300 also has no 

30 1S olahon structure positioned between source region 304 and drain region 306 Thus 
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current can travel in a shorter path and directly from source region 304 to drain region 
306 and without changing direction. Therefore, the issue of high snapback voltage, as 
in the case of a field-oxide device 220, is avoided. In addition, since device 300 
includes no gates structure, when it conducts, an amount of current flowing between the 
5 first and second doped regions 304 and 306 is not controlled by a voltage potential of a 
gate above the first and second doped regions. 

Figure 4 illustrates a p-n junction of ESD protection device 300 of Figure 3. In 
the Figure, p-n junction 400 depicts the junction between p-type substrate 302 and n- 
type second doped region 306 when a reverse-bias voltage is applied to external 
10 bonding pad 312. In Figure 4, p-n junction 400 includes a center 402 and a space 

charge region 404. The space charge region exists due to the difference in conductivity 
types of (p-type) substrate 302 and the (n-type) first and second doped regions 304 and 
306. Space charge region 404 has a first boundary 406a and a second boundary 408. 
The first and second boundaries 406a and 408a are not symmetrical with reference to 
15 center 402. As shown in Figure 4, from center 402, first boundary 406a extends more 
into substrate 302 because second doped region 306 is heavily doped and substrate 302 
is lightly doped. In an alternate embodiment, those of ordinary skill in the art will 
readily recognize that substrate 302 and first and second doped regions 304 and 306 can 
have the same doping concentration. In that case, first and second boundaries 406a and 
20 408a will symmetrically extend from the center. 

When the reverse-bias voltage at external bonding pad 312 increases, space 
charge region 404 expands predominantly into substrate 302. As shown in Figure 4, 
first boundary 406a expands to a position indicated at 406b, and second boundary 408a 
expands to a position indicated at 408b. As the reverse-bias voltage at external bonding 
25 pad 312 increases, the width of space charge region 404 becomes wider. When the 

reverse-bias voltage reaches a voltage level known as reverse-bias breakdown voltage or 
breakover voltage (Vbv), current begins to flow between second doped region 306 and 
the substrate 302, which is the initiation of the negative resistance region leading to 
snapback conduction between the doped region 306 and 304. Snapback conduction is 
30 not described herein as it is a phenomenon known to those of ordinary skill in the art. 



7 



3*T! 

"he? 



In 



Figure 5 illustrates a current vs. voltage graph of the BSD protection device of 
Figure 3 operating in a snapback mode. As shown in Figure 5, when a reverse-bias 
voltage at external bonding pad 312 is less than the breakover voltage (Vbv), there is 
little or an insignificant amount of current flowing. As indicated in the graph, at region 
5 502 the current is near zero. When the reverse-bias voltage reaches the breakover 
voltage (Vbv) as shown at point 504, device 300 starts to operate in a snapback mode 
and pulls the voltage at external bonding pad 312 to a snapback voltage (Vsb) as shown 
at region 506. The current flows with low impedance in the snapback mode, as 
indicated by line 508 with a steep slope. The steep slope also indicates that the device 
10 has a low resistance between the first and second doped regions during the snapback 
mode. The flow of current effectively lowers the voltage at external bonding pad 3 12 to 
a safe level while conducting large currents. 

Figures 6A-C illustrate cross-sectional views of an BSD protection device 600, 
at various processing stages according to one embodiment according to the invention. ' 
15 Figure 6A shows a substrate 601. An implant process introduces p-type dopants into 
the substrate. In one embodiment, introducing p-type dopants forms a lightly doped 
substrate (p-) 601. In Figure 6B, a resist 602 masks substrate 601 to expose a first and 
second exposed areas 603 and 605 which define future doped regions. An implant 
process introduces n-type dopants to the exposed areas 603 and 605. In one 
20 embodiment, introducing n-type dopants forms heavily doped first and second regions 
604 and 606. In Figure 6C, after the resist is removed, device 600 has been formed 
which includes a first active region or an n-type first doped region 604, and a second 
active region or an n-type second doped region 606 separated by a portion of the p-type 
substrate 601. Furthermore, the space separating the first and second doped regions 604 
25 and 606 is defined by the length of resist 602. 

Figures 7A-E illustrate cross-sectional views of an BSD protection device 700, 
at various processing stages according to another embodiment of the invention. In 
Figure 7A, an implant process introduces p-type dopants into a substrate 701. In one 
embodiment, introducing p-type dopants forms a lightly doped substrate (p-) 701 . In 
30 Figure 7B, a resist 702 masks substrate 701 to expose a first and second exposed areas 
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703 and 705 which define future doped regions. A first implant process introduces p- 
type dopants into the exposed areas to form a first and a second p-type (p-type halo) 
doped regions 724 and 726. After that, a second implant introduces n-type dopants into 
the exposed areas to form a first and second n-type lightly doped (LDD) regions 714 
5 and 716. 

In Figure 7C, resist 702 is removed, and another resist 703 masks substrate 701 
to expose areas 707 and 709. In Figure 7D, a third implant process introduces n-type 
dopants to the exposed areas to form a first (source) and second (drain) n-type heavily 
doped regions 704 and 706 (n+). In Figure 7E resist 703 is removed to complete device 
10 700. Device 700 includes two active regions 734 and 736. Each of the active regions 
includes a source/drain region 704 or 706, an LDD region 714 or 716 and a halo region 
724 or 726. As shown in Figure 7E, the source/drain, LDD and halo regions have 
different depths. Halo regions 724 and 726 have a first depth. LDD regions 714 and 
716 have a second depth, which is shallower than the first depth. And source and drain 
15 region 704 and 706 have a third depth which is shallower than the second depth. 

Figures 8A-E illustrate cross-sectional views of an ESD protection device 800, 
at various processing stages according to another embodiment according to the 
invention. In Figure 8A, an implant process introduces p-type dopants into a substrate 
801. In one embodiment, introducing p-type dopants forms a lightly doped substrate (p- 
20 ) 801. In Figure 8B, a resist 802 masks substrate 801 to expose an exposed area 803 
which define future doped region. A first implant process introduces p-type dopants 
into the exposed area to form a p-type (p-type halo) doped regions 824. After that, a 
second implant introduces n-type dopants into the exposed area to form an n-type 
lightly doped (LDD) regions 814. 

In Figure 8C, resist 802 is removed, and another resist 803 masks substrate 801 
to expose exposed areas 807 and 809. In Figure 8D, a third implant process introduces 
n-type dopants to the exposed areas to form a first (source) and second (drain) n-type 
heavily doped regions 804 and 806 (n+). In Figure 8E resist 803 is removed and device 
800 has been formed. Device 800 includes first and second active regions 834 and 836, 
each of which includes a source/drain region 804 or 806. First region 804 further 
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tart*. LDD region 8,4 and halo region 824. Haio region 824 surrounds LDD region 
814, which in turn, surrounds source/drain region 804. 

Figures 9A-E illustrate cross-sectional views of an ESD protection device 900 
at various processing stages according to another embodiment according to the 
5 1 nventi O ,InFigure9A,asubstrate901isprovided. In one embodiment, introducing p- 
type dopants forms a lightly doped substrate (p-) 901. In Figure 9B, a resist 902 masks 
substrate 901 to expose an area 903. A first implant process introduces p-type dopants 

mtotheexposedareatoform a p-type(p-typehalo)dopedregions924. Afterthat a 
second implant introduces n-type dopants into the exposed area to form an n-type 
1 0 lightly doped (LDD) regions 914. 

In Figure 9C, resist 902 is removed. Another resist 903 masks substrate 901 and 
regions 914 and 924 to expose areas 907 and 909. In Figure 9D, a third implant 
process introduces n-type dopants to exposed areas 903 and 905 to form a source/drain 
region 906 and an ohmic-contact region 904. Regions 906 and 904 have a higher 
15 doping concentration than a doping concentration of n-type LDD region 914 In Figure 
9E resist 903 is removed to form device 900. Device 900 includes first and second 
activeregions934and936. First active region 934 includes LDD region 914 halo 
region 924 surrounding LDD region 914, and ohmic-contact region 904 adjacent to halo 
region 924. Second active region 936 include source/drain region 906. 
20 The halo and LDD regions described in the processes of forming devices 700 

800 and 900 provide one advantage. They allow a shorter and more stable device 
which provides lower impedance. However, forming the halo and LDD regions ' 
introduces the misalignment between the mask steps. 

The processes described above regarding devices 600, 700, 800 and 900 are not 
exclusive. Other processes or steps can be used to achieve the same purpose. Insome 
embodiments, more mask steps can be used between implants, or multiple implants can 
be introduced and some of which may be grouped into common mask step. For 
example, in one embodiment, an additional mask can be used between the halo and the 
LDD implants. In another embodiment, more or less implants other than the halo LDD 
30 and source/drain can be introduced, and they can be grouped into common mask step 
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In addition, other variations of devices 600, 700, 800 and 900 described above 
can readily achieve the same advantages provided by devices 600-900 of the invention 
For example, in one other embodiment, a device similar to any of the devices 600-900 
includes the halo and LDD implants on both sides without a source/drain implant on 
5 either szde. In such embodiment, a source/drain implant can be introduced in an 
immediate proximity of the halo and LDD implants to provide the ohmic contacts In 
. yet another embodiment, a device similar to any of the devices 600-900 includes the 
halo and LDD implants on both sides, and either the source or the drain is included in 
only one side. 

10 Figure 10 is a block diagram of an integrated circuit 1000 having an BSD 

protection device according to the invention. Integrated circuit 1000 includes an 
external bonding pad 1002 connected to an internal circuit 1004 at node 1006 A first 
BSD protection device 1008 is connected between node 1006 and a first voltage source 
1007. A second BSD protection device 1010 is connected between node 1006 and a 
15 second voltage source 1009. BSD protection devices 1008 or 1010 represents the BSD 
protection devices 300, 600, 700, 800 or 900 according to the invention. The first 

voltage sourceis substantially greaterthan the second voltage source. For example the 
first voltage source can be a voltage supply (or the operating voltage of the device) and 
the second voltage source can be a ground. 

In a normal condition, BSD protection devices 1008 and 1010 do not conduct 
Dunng an BSD event, a high voltage occurs at bonding pad 1002. When the voltage 
reaches the breakover voltage of the BSD protection devices 1008 and 1010, the devices 
begm to conduct and pull the voltage at external bonding pad 1 002 back to the level of 
the snapback voltage and operate in a snapback mode. By operating in the snapback 
25 mode, the voltage at node 1006 remains close to the level of the snapback voltage 
Therefore, according to the teaching of the invention, internal circuit 1004 is protected 
by the ESD protection devices from the ESD event. 

Figure 1 1 is a block diagram of a semiconductor chip having an ESD protection 
dev 1C e according to the invention. In the Figure, chip 1 100 includes a package 1 102 
30 having plurality ofpins 1104. As shown in a partially cut-away view, at least one of the 
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pins of the package is connected to at least one ESD protection device 1 106 of the 
present invention at a node 1 108. Device 1 104 protects the chip from an ESD event and 
can be any of the ESD protection devices according to the invention, such as device 
300, 600, 700, 800 or 900. 



Conclusion 

A novel ESD protection device is provided which overcomes the problems and 
limitations of the prior art ESD protection devices. The ESD protection device 
according to the invention is less susceptible to failures seen in the present NPN 
snapback ESD protection devices. 

Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement which is 
calculated to achieve the same purpose may be substituted for the specific embodiment 
shown. This application is intended to cover any adaptations or variations of the present 
invention. Therefore, it is intended that this invention be limited only by the claims and 
the equivalents thereof. 
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